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Abstract: Genetic panel use as a selection tool has grown in popularity in the beef industry. The objective of the study was
to determine whether beef cattle genetically selected for tenderness generated a tender product. Igenity® (IT) panel results
were provided by a cattle producer for 52 steers, which were harvested at a commercial harvest facility. Boneless strip loins
(Institutional Meat Purchase Specifications #180; United States Department of Agriculture [USDA] Choice, n = 32; USDA
Prime n = 20) were collected from the left side of each carcass and transported to the University of Idaho Meat Science
Laboratory. Four steaks were cut from each subprimal and assigned to aging periods of 7, 14, and 21 d for Warner-Bratzler
Shear Force (WBSF) analysis or 21 d for consumer sensory analysis. Carcasses were assigned to tenderness groups based
on their IT tenderness indexes (Low IT, 3–6, n = 30; High IT, 7–10, n = 22). Data were analyzed using the mixed model
procedure of SAS version 9.4 (SAS Institute Inc., Cary, NC). An interaction was observed between tenderness group and
USDA quality grade (P = 0.015) when analyzing WBSF. All of the cattle had less than 4.14 kg of WBSF; however, USDA
Prime steers that were in the High IT tenderness group produced more tender steaks than High IT USDA Choice, Low IT
USDA Prime, and Low IT USDA Choice steers. Consumers were not able to detect tenderness differences between IT
tenderness groups (P = 0.11) or USDA quality grades (P = 0.11), but they found USDA Prime steaks to be more acceptable
(P = 0.01), juicier (P = 0.01), and more flavorful (P = 0.02) than USDA Choice steaks. In conclusion, regardless of tenderness group, USDA Prime steaks were preferred by consumers over USDA Choice steaks in terms of flavor, juiciness, and
acceptability.
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Introduction
Genetic panel use as an animal selection tool is
growing in popularity in the United States beef
industry due to its complementary function alongside the sole use of somewhat more traditional
expected progeny differences (Pollak et al., 2012).
These tests continue to improve in availability and
affordability as the field of genomics is further
explored (Hocquette et al., 2007; Picard et al.,
2015; Van Eenennaam, 2016).
Improving carcass quality is a goal of many
beef producers because of consumer reports of the

importance of beef tenderness (Schroeder et al.,
2013). Picard et al. (2014) identified variability in tenderness to be a big issue facing the beef industry.
Historically, producers have been able to make subjective predictions based on visual evaluation, but that
information is highly variable depending on the person doing the evaluation (Hedrick, 1983). Even the
most experienced visual evaluator is not able to predict important carcass quality traits such as tenderness, which Koohmaraie et al. (1995), Miller et al.
(2001), and Koohmaraie and Geesink (2006) showed
is the most important quality trait that influences a
consumer’s willingness to purchase that product again.
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The Igenity® (IT) tenderness index evaluates single nucleotide polymorphisms for μ-calpain, a proteolytic enzyme responsible for postmortem muscle
breakdown (Geesink et al., 2006), and calpastatin, a
potent inhibitor of μ-calpain (Goll et al., 2003; Kemp
et al., 2009). Postmortem proteolysis—and therefore
tenderization—is largely affected by concentrations
and activities of calpain and calpastatin within the
muscle (Koohmaraie, 1992, 1994; Warner et al.,
2010). In addition to calpain and calpastatin activity,
tenderness is affected by many environmental factors,
including the age of the animal, cooking methods, use
of beta-agonists, and degree of doneness (Huff and
Parrish Jr., 1993; Hope-Jones and Strydom, 2010;
Warner et al., 2010). If it is possible to use selection
tools that can give insight into an animal’s genotype
for tenderness, it would be possible to predict what
quality of carcasses its progeny could produce.
Additionally, producers could provide an environment
(i.e., more aggressive beta-agonist strategy), that will
maximize growth and capitalize on that genetic ability
to produce a tender product if they were aware of the
animal’s potential. These tools would be well suited
for use as a selection tool for replacement heifers
and for seedstock producers because these producers
would be able to say that their animals have a high
chance (h2 = 0.53 ± 0.15 for Warner-Bratzler Shear
Force [WBSF] tenderness; Shackelford et al., 1994)
of producing progeny that will generate a tender
product.
The objective of this study was to evaluate tenderness of cattle that were specifically selected for
tenderness.

Predicting tenderness with genetic panels

vacuum packaged, and stored under refrigeration at
4°C. The strip loins were transported under chilled conditions 24 h post fabrication to Vandal Brand Meats in
Moscow, Idaho, where four 2.54-cm-thick steaks were
cut from the anterior end of each subprimal and subsequently vacuum packaged. Steaks were randomly
assigned by order of removal from the strip loin to
one of 3 aging groups (7, 14, and 21 d post mortem)
to be evaluated for WBSF or aged for 21 d post mortem
to be evaluated by an untrained consumer sensory
panel for subjective tenderness, juiciness, flavor, and
acceptability. Strip loins were organized into tenderness groups based on their IT tenderness indexes.
Carcasses were assigned to High IT (n = 22) or Low
IT (n = 30), with the High IT group including steaks
from carcasses that received an IT tenderness index
of 7–10 and the Low IT group including steaks that
came from carcasses that received an IT tenderness
index of 3–6, similar to McEvers et al. (2012).

Carcass characteristics
Hot carcass weight (HCW) data were measured at
the commercial harvest facility. Additionally, ribeye
area (REA), 12th rib backfat (BF), and marbling score
(MS) were recorded using a camera grading system
(EþV Technology GmbH & Co. KG, Oranienburg,
Germany). Carcasses were then assigned US Department of Agriculture (USDA) quality grades (USDA
Choice, n = 32; USDA Prime n = 20) and USDA yield
grades by a USDA grader following the camera grading system.

Cooking

The University of Idaho Institutional Review
Board certified this project as exempt.

Steaks were thawed for 24 h at 4°C and then weighed
prior to cooking. Steaks were then cooked on a clamshell style Cuisinart grill (Cuisinart Griddler Deluxe
Model GR-150) that was set to 203°C to a target peak
internal temperature of 71°C. Temperatures were
monitored using a type K thermocouple (93230-K
EconoTemp, Cooper-Atkins, Middlefield, CT) placed
at the geometric center of each steak.

Product procurement

WBSF

IT panel results were provided by a commercial
producer for 52 beef steers whose parents were selected
for their tenderness index scores. The steers were harvested at a commercial harvest facility in Toppenish,
Washington, and allowed to chill for 24 h. Carcasses
were fabricated, and boneless strip loins (Institutional
Meat Purchase Specifications #180) were produced,

Steaks were cooked as described earlier and
removed from the grill at 65°C. Temperature was
monitored until it began to decline, at which time the
peak temperature was recorded. The cooked steaks
were allowed to cool to room temperature on a tray.
Once cooled, steaks were weighed again to determine
cook loss. At least 6 cores were cut from each steak

Materials and Methods
Human subject participation in consumer
panel
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between samples. Each panelist evaluated 3 samples.
Each steak was represented in the panel with a minimum of 4 samples. Eight steaks were randomly
assigned to be represented 5 times, in order to appropriately serve each panelist 3 samples.

parallel to the muscle fibers from the steaks, with care
taken to avoid connective tissue and excess fat using a
Shop Fox W1667 8-1/2” oscillating drill press with a
1.27-cm–diameter coring bit attachment. All cores
were sheared using a Warner-Bratzler Meat Shear
(G•R Manufacturing, Manhattan, KS; BFG 1,000 N)
machine, and the peak shear force of each core was
recorded. The average of the shear force values for
all cores from each respective steak were analyzed to
determine the WBSF of each steak.

Statistical analysis
Data were analyzed using the generalized linear
mixed model assuming a normal distribution. Within
each model, aging treatment, IT tenderness group,
USDA quality grade, and the interaction between IT
tenderness group and USDA quality grade were fixed
effects, and peak cook temperature was included as a
covariate. WBSF data were analyzed as repeated measures. Significance was determined at P < 0.05. For
significant fixed effects, means were separated using
pair-wise comparisons. All statistical analyses were
carried out using SAS version 9.4 (SAS Institute
Inc., Cary, NC).

Consumer sensory panel
Seventy-two consumer panelists evaluated samples over the course of 1 d in sensory booths, which
were located at the Washington State University
Sensory Evaluation Facility. Panelists were in a booth
with unfiltered light. Sessions were 30 min long, with 8
panelists per session. Panelists were given a questionnaire that asked them to rank each sample based on
their observation of tenderness, flavor, juiciness, and
overall acceptability on a scale of 1–9, with 1 being
“Dislike Extremely” and 9 being “Like Extremely.”
Each panelist was randomly assigned a steak sampling
order using the Compusense program (Compusense
Inc., Guelph, Canada; N1G 4T2), and they were given
one sample at a time to evaluate with 30 s of rest time
between each sample. Steaks were cooked as described
earlier and kept under a warming lamp for no longer
than 15 min after cooking. Steaks were randomly
assigned to a cooking order based on the 8-panelist sessions so that samples did not sit under the warming heat
lamp for an extended period of time. Samples were cut
into 1.27 cm×1.27 cm cubes. Panelists were given tap
water and salt-free soda crackers to cleanse their palette

Results
Carcass characteristics
Carcass characteristics are summarized in Table 1.
No difference in mean HCW (P = 0.22) or MS (P =
0.13) was observed between High IT and Low IT
groups. High IT carcasses had lesser mean BF (P <
0.01) and greater mean REA (P < 0.01) than Low IT
carcasses. USDA Choice carcasses had lesser mean
MS (P < 0.01), larger mean REA (P < 0.01), lesser
mean BF (P < 0.01), and lighter mean HCW (P <
0.01) than USDA Prime carcasses.

Table 1. Carcass summary statistics
n

IT Tenderness
Index

IT Tenderness
Index Range

High IT

22

8

7–10

Low IT
Choice2

30
32

5
6

3–6
3–10

20

6

3–9

2

Prime

BF1

HCW
b

0.21 ± 0.01
0.24 ± 0.01a

413 ± 4
407 ± 4

0.20 ± 0.01y
0.24 ± 0.01x

418 ± 3x
402 ± 4y

REA1

USDA YG2

MS1†

a

14.5 ± 0.09

2

13.7 ± 0.05b
14.4 ± 0.05x
13.8 ± 0.09y

2
2

724 ± 9
741 ± 8

2

648 ± 7y
817 ± 9x

Values for BF (12th rib BF; cm), HCW (kg), REA (cm2), and MS are represented as mean ± SEM.
1

Evaluated by commercial harvest facility grading camera.

2

Assigned by USDA grader at packing plant following grading camera.

†

MS: 600–699 = “Choice þ”; 700–799 = “Prime –”; 800–899 = “Prime o.”

a,b

Within a column, means without a common superscript differ (P < 0.05).

x,y

Within a column, means without a common superscript differ (P < 0.05).

BF = backfat; HCW = hot carcass weight; IT = Igenity®; MS = marbling score; REA = ribeye area; USDA = US Department of Agriculture; YG = yield
grade.
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Table 2. Demographics of consumer panelists (n =
72)

Cooking
The average peak internal temperature for steaks
analyzed for WBSF was 73.61°C ± 0.41°C. Average
cook loss for all steaks was 20.21% ± 0.31%.

20–29
30–39

Aging period did not significantly impact WBSF
(P = 0.33). An interaction was observed between tenderness group and USDA quality grade (P = 0.015;
Figure 1). High IT steaks that graded USDA Prime
had lesser shear force values than High IT steaks that
graded USDA Choice, Low IT steaks that graded
USDA Prime, and Low IT steaks that graded USDA
Choice.

Consumer sensory panel demographics are summarized in Table 2. There were no interactions
observed between tenderness group and USDA quality
grade when analyzing consumer sensory data (P =
0.39). Consumers were not able to detect tenderness
differences between IT tenderness groups (P = 0.11;
Table 3). Furthermore, there were no differences
between IT tenderness groups in terms of consumer
perception of flavor (P = 0.44), but there was a tendency for consumers to prefer High IT steaks over
Low IT steaks when evaluating juiciness (P = 0.09).
Furthermore, consumers preferred High IT steaks over

Ch

41.6
27.8

40–49

10

13.9

50þ
Gender

12

16.7

Male

25

34.7

Female
Beef meals/wk

47

65.3

0–1

7

9.7

2–4
5–7

53
12

73.6
16.7

Ground
Roast

47
5

65.3
6.9

Steak

18

25.0

Other

2

2.8

IT Tenderness Group
Low (n = 30)

Trait

High (n = 22)

SEM

P value

Sensory (n = 72 panelists)
6.3*

6.7

0.2

0.11

Juiciness

6.6

6.9

0.2

0.09

Flavor3
Acceptability4

7.0
6.7b

7.1
7.1a

0.1
0.1

0.44
0.02

Tenderness1
2

1
Panelists were asked “How much do you like or dislike the
TENDERNESS of the sample?”

P = 0.015

3.6
Warner-Bratzler Shear Force (kg)

30
20

Table 3. Effects of IT tenderness score on palatability
traits assessed by consumer sensory panel

4
Pr

%

Most consumed

Consumer sensory panel

3.8

n
Age

WBSF

*

b

b

3.4

Scale for all palatability traits ranged from 1 = Dislike Extremely to 9 =
Like Extremely.

b

2
Panelists were asked “How much do you like or dislike the JUICINESS
of the sample?”

3.2
3

Predicting tenderness with genetic panels

a

3
Panelists were asked “How much do you like or dislike the FLAVOR of
the sample?”

2.8

4
Panelists were asked “How much do you like or dislike the sample
OVERALL?”

2.6

a,b

2.4

Within a row, means without a common superscript differ (P < 0.05).

IT = Igenity®.

2.2
2
High IT

Low IT

Low IT steaks in terms of overall acceptability (P =
0.02). Consumers preferred USDA Prime steaks in
terms of acceptability (P = 0.01), juiciness (P < 0.01),
and flavor (P = 0.02) to USDA Choice steaks
(Table 4), though they did not report a preference in
terms of tenderness (P = 0.11) between USDA quality
grades.

Igenity Tenderness Group

Figure 1. WBSF values for IT tenderness group [Low IT (IT tenderness index scores 3–6) and High IT (IT index scores 7–10)] × USDA quality
grade. The High IT group had 12 USDA Choice carcasses and 10 USDA
Prime carcasses, whereas the Low IT group had 20 USDA Choice carcasses
and 10 USDA Prime carcasses. Gray bars show USDA Prime carcasses, and
white bars show USDA Choice carcasses. IT = Igenity®; USDA = US
Department of Agriculture; WBSF = Warner-Bratzler Shear Force.
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Rios-Mera et al., 2017); all the cattle in the present
study were harvested at the same location and had
come from similar genetic background.
High IT steaks that graded USDA Prime exhibited
lower WBSF values, making them more tender than
High IT steaks that graded USDA Choice, Low IT
steaks that graded USDA Prime, and Low IT steaks that
graded USDA Choice. This observation is inconsistent
with the findings of Mateescu et al. (2015), who
reported a positive genetic correlation between MS
and tenderness. Similarly, McBee and Wiles (1967)
and Luchak et al. (1998) found a significant decrease
in WBSF value as marbling units increased.
Magolski et al. (2013) also observed that marbling
had more influence on variation in WBSF than other
carcass traits measured. This relationship between tenderness and marbling has been documented by Miller
(1994), who described increases in reported tenderness
of higher-marbled steaks by sensory panelists as the
bulk density of each bite was reduced and lubrication
was increased. Likewise, Li et al. (2006) observed
increased disruption of muscle perimysial structure
with increased marbling. The observations of the current study do not show a difference in consumer sensory tenderness, but it would be expected that any
improvements in tenderness with increases in marbling
are likely because of indirect factors, since no research
has shown a direct relationship between tenderness and
marbling in beef until the quantity of marbling reached
extremely large numbers, such as is observed in Wagyu
beef (Li et al., 2006). This is further supported by the
observation of the present study that MS was not different between High IT and Low IT carcasses. The current
study observed this interaction when evaluating steaks
from the longissimus lumborum; other muscles of the
carcass, however, could respond differently to genetic
selection for tenderness.
Consumers preferred USDA Prime striploin steaks
over USDA Choice striploin steaks in all categories
except tenderness, likely because all of the steaks were
very tender. The USDA tenderness program considers
anything that is inherently tender—meaning it has not
been processed in any way to make it more tender—
with a WBSF value at or below 4.4 kg to fall within
their “Certified Tender” category and anything with
a WBSF value at or below 3.9 kg to fall within their
“Certified Very Tender” category (ASTM, 2011).
The steers from this experiment that graded USDA
Choice had an average WBSF value of 3.31 kg,
whereas the USDA Prime steers had an average
WBSF value of 3.09 kg. This observation, therefore,
is consistent with the findings of Miller et al. (1995),

Table 4. Effects of USDA quality grade on
palatability traits assessed by consumer sensory panel
USDA Quality Grade
Choice (n = 32)

Prime (n = 20)

SEM

P value

Sensory (n = 72 panelists)
Tenderness1
6.3*

6.7

0.2

0.11

Juiciness2

6.5b

7.0a

0.2

0.01

b

a

0.2
0.1

0.02
0.01

Trait

3

Flavor
Acceptability4

6.7
6.7b

7.2
7.1a

Panelists were asked “How much do you like or dislike the
TENDERNESS of the sample?”
1

*
Scale for all palatability traits ranged from 1 = Dislike Extremely to 9 =
Like Extremely.
2
Panelsits were asked “How much do you like or dislike the JUICINESS
of the sample?”
3
Panelists were asked “How much do you like or dislike the FLAVOR of
the sample?”

Panelists were asked “How much do you like or dislike the sample
OVERALL?”
4

a,b

Within a row, means without a common superscript differ (P < 0.05).

USDA = US Department of Agriculture.

Discussion
Though these steers were selected for their genetic
propensity to be tender and could therefore be expected
to all have high IT tenderness indexes, some steers still
fell into the Low IT tenderness group (IT index score 3–
6; n = 30). This could be because of estimated heritability for tenderness falling between moderate and high
(Shackelford et al., 1994; Mateescu et al., 2015), meaning that the genotype of the dam and sire has a high
probability of passing along and therefore influencing
the phenotype of their progeny, but passing the desired
phenotypic tenderness trait along is not a guarantee.
Additionally, tenderness is polygenic, meaning that it
is influenced by multiple genes (Page et al., 2002;
Goll et al., 2003; Geesink et al., 2006; Kemp et al.,
2009). Furthermore, the IT panel does not report genotype as heterozygous or homozygous, it simply assigns
an index number for each predicted phenotype
(Neogen, Lincoln, NE). Therefore, researchers can
speculate about the genes used to evaluate and assign
predictions for genetic probability to perform in each
category, but the actual single nucleotide polymorphisms used in the panel are proprietary and thus confidential. Aside from the genetic component,
tenderness is heavily influenced by environmental factors (Huff and Parrish Jr., 1993; Warner et al., 2010) as
well as postmortem events other than proteolysis
(Locker and Hagyard, 1963; Yu and Lee, 1986;
American Meat Science Association.
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available, genetic selection goals still need to be centered
around marbling to help producers capture USDA
carcass quality premiums, or avoid discounts for
carcass quality, which focus primarily on marbling
(Smith, 2020).

who concluded that consumers were unable to detect
differences in tenderness when the WBSF values did
not exceed 0.5 kg of difference in tenderness.
Furthermore, it has been well documented that
increases in marbling lead to improvements in palatability (Jones et al., 1991; Hunt et al., 2014, Corbin
et al., 2015). These findings support the observations
of this experiment that consumers preferred USDA
Prime steaks over USDA Choice steaks in terms of
overall acceptability, juiciness, and flavor.
Consumers were not able to detect differences in
tenderness between High IT and Low IT steaks, which
is likely because WBSF was not different between Low
IT and High IT groups. Additionally, the lack of tenderness differences between the IT group in this experiment may also be due to the fact that there was not a
gap between the 2 groups. With larger numbers and
IT groups with a gap in between (i.e., 1–4 vs. 7–10),
consumers may have been able to detect a difference
in tenderness. Consumers were also not able to detect
differences in juiciness or flavor between IT tenderness
groups, which is likely due to the fact that IT tenderness
index scores are assigned based on genetics related to
postmortem proteolysis specifically (Goll et al., 2003;
Geesink et al., 2006; Quaas et al., 2007; Kemp et al.,
2009; Warner et al., 2010), which has not been shown
to directly impact consumer perception of flavor of
beef. Consumer tendency to prefer High IT steaks over
Low IT steaks in terms of juiciness can be explained by
the work of Huff-Lonergan and Lonergan (2005), who
hypothesize that increased proteolysis leads to less
myofibril shrinkage, leading to less drip loss, which
translates to juicier steaks. It has been observed
several times that consumers prefer USDA Prime beef
over USDA Choice beef because of the improvements
in juiciness, flavor, and overall acceptability (Smith
et al., 1987; Corbin et al., 2015; Lucherk et al.,
2016). This is consistent with the findings of this
experiment, in which consumers preferred the USDA
Prime steaks over the USDA Choice steaks in the same
categories, likely because of the higher amount of marbling in the USDA Prime steaks than in the USDA
Choice steaks.
Currently, there is a USDA premium available for
tender carcasses, but it has only been adopted by a
few beef processors (ASTM, 2011; Morris, 2017).
Given the importance placed on tenderness by consumers in terms of palatability in beef (Koohmaraie et al.,
1995; Miller et al., 2001; Koohmaraie and Geesink,
2006), products from animals that have been selected
genetically for tenderness may receive a premium in
the future. Though there is a tenderness premium
American Meat Science Association.
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Conclusions
Cattle that were selected for tenderness were confirmed to have a tender strip loin even though some carcasses still fell into the Low IT group. Even though all
of the cattle were very tender based on WBSF values of
the strip loin, cattle that graded USDA Prime were consistently preferred by consumers over USDA Choice
cattle in terms of flavor, juiciness, and acceptability
regardless of whether they had High IT or Low IT
scores. In summary, tenderness is an important part
of consumer eating experience and can be capitalized
upon via genetic selection. Consumers preferred the
steaks that graded USDA Prime because of their
acceptability, juiciness, and flavor even though consumers did not report a difference between IT tenderness groups.
Producers who market their breeding animals as
having the genetic propensity to produce tender offspring could add value to their animals with a higher
chance of being able to gain a premium for their carcass
tenderness. With the use of the genetic tools that are
available commercially, producers could capitalize
on carcass quality traits on which they have not been
able to capitalize in the past. This analysis could be
made stronger by the provision of dam and sire genetic
information as well as evaluation of other muscles.
Furthermore, more information is needed about how
these tests can be implemented in crossbred cattle that
were not selected for tenderness.
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